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Experimentell gemessener Spezifischer elektrischer Widerstand von Kupfer
Dugdale 1965, RRR=3400,ρ0=0.0005  Moore at. all 1967, RRR=900,ρ0=0.0017
Matula1 1979 






































































































































Moore at. all 1967
Laubitz 1967
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Borchi et al 1975
Beaulac et al (Variationsverfahren) 1982






















































































































Doppeltlogarithmische Ableitung vom spez. el. Widerstand von Kupfer (Theorie) 
Bloch-Grueneisen (justiert) 1928
Borchi et al 1975
Beaulac et al (Variationsverfahren) 1982









































































Experimentell, Rumbo1 ohne Restwiferstand
Experimentell, Rumbo3 ohne Restwiferstand
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Spezifischer elektrischer Widerstand von Kupfer
Berechneter spez. Wid.(0-Ordnung)
Berechneter spez. Wid.(1-Ordnung)
































































































Spezifischer elektrischer Widerstand von Kupfer (Doppeltlogarithmische Ableitung)
Berechneter spez. Wid.(0-Ordnung) 
Berechneter spez. Wid.(1-Ordnung) 


















































































Rel. Abweichung des berechneten spez. el. Widerstandes von Kupfer vom Experiment
Berechneter spez. Wid.(0-Ordnung,Dugdale als Referenz)
Berechneter spez. Wid.(1-Ordnung,Dugdale als Referenz)
Berechneter spez. Wid.(0-Ordnung,Matula1 als Referenz)
Berechneter spez. Wid.(1-Ordnung,Matula1 als Referenz)
spez. Wid. nach Bloch-Grueneisen (justiert)
spez. Wid. nach Beaulac,Dugdale als Referenz







































































































































































Spezifischer elektrischer Widerstand von Kupfer mit und ohne zus. XC-Abschirmung
Berechneter spez. Wid.(0-Ordnung,mit XC)
Berechneter spez. Wid.(1-Ordnung,mit XC)
Berechneter spez. Wid.(0-Ordnung,ohne XC)














































































































Doppeltlog. Ableitung vom spez. el. Wid. von Cu mit und ohne zus. XC-Abschirmung 
Berechneter spez. Wid.(0-Ordnung,mit XC)
Berechneter spez. Wid.(1-Ordnung,mit XC)
Berechneter spez. Wid.(0-Ordnung,ohne XC)
Berechneter spez. Wid.(1-Ordnung,ohne XC)
Experimentell,B-Spline interpoliert (Dugdale)
Experimentell,B-Spline interpoliert (Matula)




























































































Der relative Unterschied des spez. el. Wid. von Cu mit und ohne zus. XC-Abschirmung 
Berechneter relative Unterschied(0-Ordnung)
Berechneter relative Unterschied(1-Ordnung)
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?%@BA CBA C!C!C/?%D EFDGA C/AH?F?!?EFE ?!?IGA CBA JFCB?%K!C ?DLKBA CBANMLIB?OJGM ILC!E/A ?FA CFPMFMQC IFDLPBA ?!A PLJGMJI
?%KBA CBA C!C!CIG? E!EBA C/AH?F?EML@ ?!?%PBA CBA JFC!@FE!P ?%E!CBA CBANMLI!@FI!E ILCMGA ?FA C!J!JP!E IFDQJ/A ?!A PFD!P!KFD
I!CBA CBA C!C!CILK EMA C/AH?IG?KM ?!?J/A CBA J/?%D!PM ?%EB?!A CBANMQPDLCD ILC!@/A ?FA CDG?%CB? IFD!DGA ?!A P!EFCLJM
IB?!A CBA C!C!C!J/? E!@BA C/AH?IFMLIFD ?!?DGA CBA JI!IB?!? ?%EFIGA CBANMJ?@!J ILC!K/A ?FA CDFMLE!E IFDLEBA ?!A P!EFE!K!K
IFIGA CBA C!C!CD!D E!KBA C/AH?%PFI!D!K ?!?%EBA CBA JIL@F@!E ?%E!PBA CBANMJ@!EI IG?C/A ?FA CFELJPB? IFDFMA ?!A PMLPFDG?
I!PBA CBA C!C!CMJ MQCBA C/AH?%P!@!CFC ?!?QMA CBA JFPFD!EFI ?%ELJ/A CBANMLDFDQJ? IG?!?FA ?FA CMQCFKFD IFDL@BA ?!A P!@FC!CFI
ILJ/A CBA C!C!CFK!@ M?!A C/AH?JFPLJ@ ?!?%@BA CBA J!JI!P!K ?%EFDGA CBANMQEIG?%K IG?%IBA ?FA CM!M!DLK IFDLKBA ?!A P!@FEFDQJ
IFDGA CBA C!CB?ILK MLIGA C/AH?JFK!CFP ?!?%KBA CBA J!JFK/?E ?%E!EBA CBANMQEF@!KFE IG?P/A ?FA CF@LJILP I!E!CBA ?!A P!KFP!CFD
I!EBA CBA C!CB?%E!E MQPBA C/AH?DQJFEFP ?%I!CBA CBA JD!D!K!P ?%EMA CBANM!M!DFMQJ IG?OJA ?FA CFK!CF@M I!EB?!A ?!A P!KFKFDLE
IMA CBA C!CFIB?C MJ/A C/AH?%E!C!PFC ?%IB?!A CBA JFEFIMLI ?%E!@BA CBANMQ@I!DB? IG?%DBA ?FA CFKM!DLC I!EFIGA ?!A JFCFE!C!E
I!@BA CBA C!CFI!ELJ MLDGA C/AH?%E!E!CI ?%IFIGA CBA JFE!KDLC ?%E!KBA CBANMQ@FKFI!@ IG?E/A ?FAH?%CLJ?P I!E!PBA ?!A J/?I!DFM
I!KBA CBA C!C!PIFM MQEBA C/AH?QM?MLK ?%I!PBA CBA JMQEILK ?QMQCBA CBANMQKFE!CD IG?MGA ?FAH?F?CMLD I!ELJ/A ?!A J/?%K!CM
PFCBA CBA C!CLJC!C M!MA C/AH?QM!MQEI ?%ILJ/A CBA JF@!PFC!K ?QM?!A CBA @!CIL@/? IG?@/A ?FAH?F?MLP!@ I!EFDGA ?!A JIFD!DFM
P/?!A CBA C!CLJ@LJ MQ@BA C/AH?%@!PFD!C ?%IFDGA CBA JF@!KF@!@ ?QMLIGA CBA @!CFKFD!@ IG?K/A ?FAH?IQJC!C I!E!EBA ?!A JFPILC!E
PIGA CBA C!CFD!@!C MQKBA C/AH?%@!KLJP ?%I!EBA CBA JFK!EFE!@ ?QMQPBA CBA @B?%E!P!J I!ILC/A ?FAH?%P!CFEB? I!EMA ?!A JFPF@FDLE
PFPBA CBA C!C!EF@M @!CBA C/AH?%KFDQJC ?%IMA CBARDLC!P!JFK ?QMJ/A CBA @FI!P!CFK I!IG?FA ?FAH?%PM!ILP I!E!@BA ?!A J!JDLCFD
P!J/A CBA C!C!@FC!@ @B?!A C/A I!CB?OJI ?%I!@BA CBARDG?CILK ?QMLDGA CBA @FI!K!@!J I!I!IBA ?FAH?JFPF@LJ I!E!KBA ?!A JDB?%DQJ
PDGA CBA C!C!K!JI @FIGA C/A I!CMJ@ ?%I!KBA CBARDG?MG?C ?QMQEBA CBA @!PFE!EFC I!ILP/A ?FAH?DLC!JD IMQCBA ?!A JD!@!C!P
PFEBA CBA CB?CF@!K @!PBA C/A IB?PFD!@ ?PFCBA CBARD!ILPFKB? ?QM!MA CBA @LJP!P!J I!IQJA ?FAH?DFMLCFD IM?!A ?!A JFE!JDG?
PMA CBA CB?%IFDLC @LJ/A C/A IB?KM!I ?P/?!A CBARDLP!CMQP ?QMQ@BA CBA @FD!C!CFK I!I!DBA ?FAH?%E!PFE!E IMLIGA ?!A JMLC!K!K
PF@BA CBA CB?OJI!D @FDGA C/A IFI!DLKFC ?PIGA CBARDLPM!DQJ ?QMQKBA CBA @FD!E!@FP I!ILE/A ?FAH?QMQCILE IMQPBA ?!A JMFMJM
PFKBA CBA CB?E/?%D @!EBA C/A I!PFIG?F? ?PFPBA CBARDQJ!JP!E ?%@!CBA CBA @!EFPFDM I!IFMGA ?FAH?QMQEF@FD IMJ/A ?!A JF@FP!KFD
JCBA CBA CB?@/?K @MA C/A I!P!@!PFE ?P!J/A CBARD!DG?F?M ?%@B?!A CBA @MLC!PFC I!IL@/A ?FAH?%@!P!JD IMLDGA ?!A JFKFCLJFP
J?!A CBA CFILCFPM @!@BA C/A ILJ!JFEFP ?PDGA CBARD!DFMLK!K ?%@FIGA CBA @MFMQC!J I!ILK/A ?FAH?%K!CFCLJ IMQEBA ?!A JFKFE!K!C
JIGA CBA CFI!IMQC @!KBA C/A IFDLC!K!J ?PFEBA CBARDLELJ@B? ?%@!PBA CBA @!@FPMFM ILP!C/A ?FAH?%K!EFE!P IM!MA ?!ARDLCFP!P!@
JPBA CBA CFI!DB?M K!CBA C/A IFDFMLI!@ ?PMA CBARDFM?%E!P ?%@LJ/A CBA @!KFCLJK ILPB?FA ?FA I!C!PIG? IMQ@BA ?!ARDLCFK!@FD
JFJ/A CBA CFIFMFMQK KB?!A C/A I!E!P!ED ?PF@BA CBARDFMQ@!JD ?%@FDGA CBA @!KMLIFI ILPFIBA ?FA I!C!KF@!C IMQKBA ?!ARDG?%E!PB?
JDGA CBA C!P!CD!D KFIGA C/A IMQC!C!J ?PFKBA CBARDL@FDFIFM ?%@!EBA CBA K!CFP!K!J ILP!P/A ?FA IB?EFP!@ I!@!CBA ?!ARD!IFIFMQ@
JEBA CBA C!P!P!J!J K!PBA C/A IMQELJE ?OJCBA CBARDLKFI!C!K ?%@MA CBA KB?%C!ED ILPLJA ?FA IFI!I!KFD I!@B?!A ?!ARD!I!KFIQJ
JGMA CBA C!P!E!JF@ KLJ/A C/A I!@FILKFC ?OJ?!A CBARDLK!@FKB? ?%@!@BA CBA KB?QMQPM ILPFDBA ?FA IFILKDLP I!@FIGA ?!ARDLPDFMQC
J@BA CBA C!P!KFEFD KFDGA C/A I!@!K!PFE ?OJIGA CBA E!CFDMLI ?%@!KBA CBA KFILJFCF@ ILP!E/A ?FA I!P!E/?C I!@!PBA ?!ARDQJIG?E
JKBA CBA CLJI!K!E K!EBA C/A I!KFDL@D ?OJPBA CBA EB?%IFDQJ ?%K!CBA CBA K!PFCMLK ILPMGA ?FA ILJI!EM I!@LJ/A ?!ARDQJ@!EFI
D!CBA CBA CLJFE!JFC KMA C/A PFCFILPFE ?OJFJ/A CBA EB?KFP!E ?%KB?!A CBA K!PMJK ILP!@/A ?FA ILJFKIQJ I!@FDGA ?!ARD!DFDLC!@
DB?!A CBA CLJFKFKM K!@BA C/A PFC!@!@FK ?OJDGA CBA EFILE/?@ ?%KFIGA CBA KLJFJI!C ILP!K/A ?FA IFD!D!@!C I!@!EBA ?!ARDLE/?%DLP
DFIGA CBA CFDLPFE!E K!KBA C/A P/?%DQJFJ ?OJEBA CBA E!PFI!K!K ?%K!PBA CBA KFD!C!@FK IQJFC/A ?FA I!EFI!P!E I!@MA ?!ARDLEMQK!@
D!PBA CBA CFDFMQJF@ ?%C!C/A C/A PI!ILCFC ?OJGMA CBA E!P!KF@B? ?%KLJ/A CBA KFDMLD!K IQJ/?FA ?FA I!E!@FKFI I!@!@BA ?!ARDFMQJ!JFP
DLJ/A CBA C!EB?J/? ?%CB?FA C/A PIL@FD!K ?OJ@BA CBA ELJFEFEFI ?%KFDGA CBA K!E!JI!@ IQJIBA ?FA IMLDLJF@ I!@!KBA ?!ARDL@FC!@!@
DFDGA CBA C!EFDLJFE ?%CFIBA C/A PFPFDG?%@ ?OJKBA CBA EFDLP!JFP ?%K!EBA CBA KMLC!KM IQJFP/A ?FA I!@FI!C!P I!K!CBA ?!ARDL@MQPFI
D!EBA CBA C!E!KFE!P ?%C!P/A C/A P!J/?@FC ?%D!CBA CBA E!E!CI!D ?%KMA CBA KMFMQEFE IQJ!JA ?FA I!@!@DL@ I!KB?!A ?!ARDLKFPM!M
DMA CBA CMQPFK!C ?%CLJA C/A P!JF@LJP ?%DB?!A CBA E!EMLC!E ?%K!@BA CBA K!@!JFP!J IQJDBA ?FA I!KFDB?P I!KFIGA ?!A E!CFCFIG?
D!@BA CBA CMQ@IL@ ?%CFDBA C/A PD!DLCM ?%DFIGA CBA EMQPF@!E ?%K!KBA CBA K!K/?CI IQJFE/A ?FA PFCB?%EM I!K!PBA ?!A E!CFE!EFD
D!KBA CBA C!@FIM!M ?%C!E/A C/A PFEB?MLP ?%D!PBA CBA E!@!CFEM I!C!CBA CBA K!KM!MLC IQJMGA ?FA PFC!@I!I I!KLJ/A ?!A EB?%P!C!@
EFCBA CBA C!@MLPFD ?%CMGA C/A PFE!@LJC ?%DLJ/A CBA E!@MQJM I!CB?!A ?!A C!C!JFPF@ IQJF@/A ?FA P/?OJGMQE I!KFDGA ?!A EB?%KFD!I
E/?!A CBA C!KFI!C!P ?%C!@/A C/A PMLDLCF@ ?%DFDGA CBA E!KLJIL@ I!CFIGA ?!A CB?F?CD IQJFK/A ?FA PIG?%P!C I!K!EBA ?!A EFIFDLKFD
EIGA CBA C!K!EF@B? ?%C!K/A C/A PF@B?MFM ?%D!EBA CBANMQCB?%C!@ I!C!PBA ?!A CB?QM!M!I I!DLC/A ?FA PIFML@!P I!KMA ?!A E!PILP!@
EFPBA CBAS?CB?%EM ?F?C/A C/A PF@!@LJGM ?%DMA CBANMQCML@!@ I!CLJ/A ?!A CFILJFPF@ I!DG?FA ?FA PFPLJP!E I!K!@BA ?!A E!PF@!@B?
E!J/A CBAS?C!EFE!P ?F?!?FA C/A PFKFDG?%@ ?%D!@BA CBANM?OJEM I!CFDGA ?!A C!P/?C!J I!D!IBA ?FA P!JFCF@!K I!K!KBA ?!A ELJD!IQJ
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K/A CBA C!C!CI!I DMA CBA CML@!C!J ?CFDBA C/A PF@B?JFE ?%D!PBA CBANMLIB?CFD I!CB?FA ?FA CD!D!I!C IQJKBA ?!A PML@LJFE
?C/A CBA C!C!C/?@ D!@BA CBA C!@IFM!I ?C!E/A C/A PF@!@DFM ?%DLJ/A CBANMLI!@!C!C I!CFIBA ?FA CFEB?MLK I!D!CBA ?!A P!@D!ILP
?!?FA CBA C!C!C/?%D D!KBA CBA C!@MJK ?CMGA C/A PFKFD!E!@ ?%DFDGA CBANMQP!JFKLJ I!C!P/A ?FA CFE!@!PM I!DB?!A ?!A P!KILC!C
?%IBA CBA C!C!C/?P EFCBA CBA C!KILPFE ?C!@/A C/A JCFIM!M ?%D!EBA CBANMJ?@!@ I!CLJA ?FA CMJFKD I!DFIGA ?!A P!KF@MQE
?P/A CBA C!C!C/?P E/?!A CBA C!KMQPFP ?C!K/A C/A JC!KF@!E ?%DMA CBANMJ@!@B? I!CFDBA ?FA CF@B?%D!P I!D!PBA ?!A JFCD!D!I
?OJA CBA C!C!C/?%D EIGA CBAS?CIQJC ?!?C/A C/A J?EFKLJ ?%D!@BA CBANMLDFDFMQP I!C!E/A ?FA CF@!@B?F? I!DLJ/A ?!A J/?I!IFM
?%DBA CBA C!C!C/?@ EFPBA CBAS?CMLD!@ ?!?!?FA C/A JIQJC!C ?%D!KBA CBANMQEILEFD I!CMGA ?FA CFKLJMLC I!DFDGA ?!A J/?%K!CB?
?E/A CBA C!C!CI!I E!J/A CBAS?!?IL@M ?!?%IBA C/A JPB?%CFD ?EFCBA CBANMQEFKFDFM I!C!@/A ?FAH?%CB?PFC I!D!EBA ?!A JIFDFMLD
?MGA CBA C!C!CFP!C EDGA CBAS?!?%@FI!E ?!?P/A C/A JP!@FC!@ ?E/?!A CBANM!MLELJFK I!C!K/A ?FAH?%CMQK/? I!DMA ?!A JFPIQJF@
?@/A CBA C!C!C!JFC EFEBA CBAS?%I!PMFM ?!?OJA C/A JFJDB?!? ?EIGA CBANMQ@FPLJI IB?C/A ?FAH?F?OJDLJ I!D!@BA ?!A JFPFKFIG?
?K/A CBA C!C!CDLP EMA CBAS?%I!K!PFK ?!?%DBA C/A JD!IB?OJ ?EFPBA CBANMQKFC!PFD IB?!?FA ?FAH?IG?!?%@ I!D!KBA ?!A J!JDLK!P
ILC/A CBA C!C!CMQC EF@BA CBAS?PDG?%P ?!?E/A C/A JDLK/?M ?E!J/A CBANMQKMLIL@ IB?%IBA ?FAH?IFMQ@FP ILEFCBA ?!A JDFILEFD
IG?FA CBA C!C!CFKB? EFKBA CBAS?OJC!KFE ?!?MGA C/A JE!EIG? ?EDGA CBA @!C!JILP IB?P/A ?FAH?%PLJD!C ILE/?!A ?!A JD!K!P!E
I!IBA CBA C!CB?F?M MLCBA CBAS?OJE!@FK ?!?@/A C/A JGMQPILE ?EFEBA CBA @B?F?!?@ IB?OJA ?FAH?J/?!?QM ILEIGA ?!A JFEFE!CM
ILP/A CBA C!CB?JF@ MG?!A CBAS?%DFILK/? ?!?K/A C/A J@!CFPFI ?EMA CBA @B?%@B?OJ IB?%DBA ?FAH?JMQ@FE ILEFPBA ?!A JM!IFM!M
IQJA CBA C!CB?%@LJ M!IGA CBAS?%D!K!CFC ?%ILC/A C/A J@MQJFC ?EF@BA CBA @FIFDG?%I IB?E/A ?FAH?DQJD!E ILE!J/A ?!A JMLKLJF@
I!DBA CBA C!CFIFILE MLPBA CBAS?EDG?D ?%IG?FA C/A JKLJFJFK ?EFKBA CBA @!PIG?!? IB?MGA ?FAH?%EB?%IM ILEDGA ?!A JF@FEB?M
ILE/A CBA C!CFIMJ MQJ/A CBAS?MG?PFE ?%I!IBA C/A D!CB?DLK ?MLCBA CBA @!PFKB?%I IB?@/A ?FAH?%EMQKFK ILEFEBA ?!A JFKIL@M
IFMGA CBA C!C!PFP!C M!DGA CBAS?MFMQEI ?%ILP/A C/A D!C!@MQC ?MG?!A CBA @LJEB?%D IB?K/A ?FAH?QMJM!I ILEMA ?!A JFKFKFDLE
IL@/A CBA C!C!PFKLJ MLEBA CBAS?@FP!KFP ?%IQJA C/A DB?%D!@FI ?M!IGA CBA @FD!PB?K IFILC/A ?FAH?%@B?OJD ILEF@BA ?!ARDLCFEFI!D
ILK/A CBA C!CLJEM MFMA CBAS?KFCFI!K ?%I!DBA C/A DFI!I!KLJ ?MLPBA CBA @!EFCFILE IFIG?FA ?FAH?%@!@FI!C ILEFKBA ?!ARDG?ILK!P
P!C/A CBA C!CFDLJFK ML@BA CBAS?KFE!EFK ?%ILE/A C/A D!P!CFCM ?MQJ/A CBA @!EMQP!E IFI!IBA ?FAH?%KLJFKD IFMLCBA ?!ARDG?%K!EB?
PB?FA CBA C!C!E!J/? MLKBA CBARILCFPB?%P ?%IFMGA C/A D!PM!ILC ?M!DGA CBA @MQJ!JM IFILP/A ?FA I!CB?MG? IFMG?!A ?!ARD!I!EFILK
PFIBA CBA C!CMQJFP @FCBA CBARILCFK!EI ?%IL@/A C/A DLJ!JP!P ?MLEBA CBA @!@/?EFI IFIQJA ?FA I!C!@LJ@ IFM!IGA ?!ARDLPILKM
P!P/A CBA C!C!@DFM @/?!A CBARIG?%EB?J ?%ILK/A C/A DFDG?JM ?MFMA CBA @!@F@MQK IFI!DBA ?FA IB?%D!IFD IFMLPBA ?!ARDLPFK!EFD
PLJA CBA C!C!KF@!P @IGA CBARI!IFIFMG? ?P!C/A C/A DFDL@FE!C ?ML@BA CBA @!KDLK!@ IFILE/A ?FA IFI!ILCFP IFMQJ/A ?!ARDQJE!PFI
PFDBA CBA CB?!?ILC @FPBA CBARI!I!K!P/? ?PB?FA C/A D!EFDMJ ?MLKBA CBA K!CFPB?@ IFIFMGA ?FA IFIL@!@I IFM!DGA ?!ARD!DFILK!K
P!E/A CBA CB?%IMQC @!J/A CBARILPDLK!J ?PFIBA C/A DMLI!@M ?@FCBA CBA KB?%C!P!@ IFIL@/A ?FA I!PFDLE/? IFMLEBA ?!ARD!D!K!E!E
PMGA CBA CB?OJPLJ @DGA CBARIQJILE/? ?P!P/A C/A DMQKFK!K ?@/?!A CBA KB?QMLDLK IFILK/A ?FA ILJIQJC IFMFMA ?!ARDLEFE!P!P
P!@/A CBA CB?E/?!? @FEBA CBARIQJK!P/? ?PLJA C/A D!@MG?%I ?@IGA CBA KFILJMQK I!P!C/A ?FA ILJFKFI!C IFML@BA ?!ARDFMLP!C!C
P!K/A CBA CB?@FCB? @MA CBARI!D!E!C!J ?PFDBA C/A D!KLJILP ?@FPBA CBA K!P/?KM I!PB?FA ?FA IFDLE!CFC IFMLKBA ?!ARDFMLK!EM
JFC/A CBA CFILCFC!E @F@BA CBARILEIL@FC ?P!E/A C/A EFCB?%PFD ?@!J/A CBA K!PFKB?OJ I!PFIBA ?FA I!EFIL@/? IL@FCBA ?!ARDL@FE!P!P
J/?FA CBA CFI!IFIQJ @FKBA CBARILEFKFD!@ ?PMGA C/A EFC!@!JD ?@DGA CBA KLJEFIL@ I!P!P/A ?FA I!E!K!E/? IL@/?!A ?!ARDLKFP!C!C
JIBA CBA CFIQJDLE KFCBA CBARIFMLELJC ?P!@/A C/A E/?%DFD!D ?@FEBA CBA KFD!P!P!K I!PLJA ?FA IMQELJI IL@IGA ?!ARDLKFK!EM
JFP/A CBA CFIFMLC!P K/?!A CBARIL@FPFIFD ?P!K/A C/A EI!I!ELJ ?@MA CBA K!EFCLJFE I!PFDBA ?FA I!@!PFI!P IL@FPBA ?!A E!CFE!P!P
J!JA CBA CFILKFELJ KIGA CBARILKFCB?I ?OJFC/A C/A EILKMQP ?@F@BA CBA K!EMJF@ I!P!E/A ?FA I!K!C!CD IL@!J/A ?!A EB?%P!C!C
JDBA CBA C!PFILJFC KFPBA CBARILKMQCI ?OJ/?FA C/A EFP!EF@B? ?@FKBA CBA KMQJ!JFE I!PMGA ?FA I!K!E!@FE IL@DGA ?!A EB?%K!EM
JFE/A CBA C!PFD!PB? K!J/A CBA P!CFP!K!J ?OJIBA C/A E!JFPF@!@ ?KFCBA CBA K!@/?P!@ I!P!@/A ?FA PFC!P!EM IL@FEBA ?!A EFI!E!PLJ
JMGA CBA C!P!@FP!@ KDGA CBA PB?%C!@FK ?OJFP/A C/A EDLCFKLJ ?K/?!A CBA K!@F@FILE I!P!K/A ?FA P/?CLJ@ IL@MA ?!A E!PFP!C!C
JF@/A CBA CLJ/?%E!P KFEBA CBA PB?QMQ@M ?OJ!JA C/A EDL@FC!C ?KIGA CBA K!KDLC!K ILJFC/A ?FA P/?MLI!K IL@F@BA ?!A E!PFK!EM
JFK/A CBA CLJD!CFD KMA CBA PFILJF@FE ?OJDBA C/A EFEFD!CLJ ?KFPBA ?!A C!C/?@!@ ILJ/?FA ?FA PIQJ/?%C IL@FKBA ?!A ELJE!PLJ
DLC/A CBA CLJF@FELJ KF@BA CBA P!P/?@F@ ?OJFE/A C/A EMLI!C!@ ?K!J/A ?!A C!CF@!ELJ ILJIBA ?FA PFP!C!K/? ILKFCBA ?!A EFD!P!CFI
DG?FA CBA CFD!ILJ/? KFKBA CBA P!PF@!KI ?OJMGA C/A EMQK/?C ?KDGA ?!A CB?DLPM ILJFP/A ?FA PFPM!MG? ILK/?!A ?!A EFD!K!E!K
D!IBA CBA CFDLEFPLJ ?%C!CBA CBA PLJDLKF@ ?OJF@/A C/A EF@!E/?%I ?KFEBA ?!A CFIFILC!E ILJ!JA ?FA P!J!JDB? ILKIGA ?!A E!EFE!PM
DLP/A CBA C!E!C!JI ?%CB?!A CBA PFD!P!CFE ?OJFK/A C/A EFK!P/?P ?KMA ?!A CFI!@MQP ILJDBA ?FA PDG?P/? ILKFPBA ?!A EMLP!CLJ
DQJA CBA C!ELJELJ ?%CFIGA CBA P!EFCB?D ?%DLC/A C/ARMLC!C/?P ?KF@BA ?!A C!PDLPM ILJFE/A ?FA PDL@B?F? ILK!J/A ?!A EMLKMLI
D!DBA CBA C!E!@FK!K ?%C!PBA CBA P!EMLIFD ?%DG?FA C/ARMLCMG?!? ?KFKBA ?!A CLJILC!C ILJMGA ?FA PFELJFKFC ILKDGA ?!A E!@FELJ/?
DLE/A CBA CMQP!JFE ?%CLJ/A CBA PMQJFPD ?%D!IBA C/ARMG?OJC!K ILCFCBA ?!A CLJ@!EB? ILJF@/A ?FA PM?EF@ ILKFEBA ?!A E!KFP!C!K
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IB?!A CBA C!CB?%C!C EMA C/AH?%PLJIFD ?!?%PBA CBA JFPFDFDG? ?DLKBA CBANMQEFC!PD ILCFDBA ?FA CMQ@IQJ IFDG?!A ?!A P!K/?MLD
IFIGA CBA C!CB?IFM E!@BA C/AH?JFCB?J ?!?J/A CBA J!JIFDLC ?%E!CBA CBANMQEMQPM ILC!E/A ?FA CF@FD!C!@ IFD!IGA ?!A P!KF@FDLC
I!PBA CBA C!CB?%E!C E!KBA C/AH?JFE!CFE ?!?DGA CBA J!JFKDLC ?%EB?!A CBANM!MQJFPF@ ILCMGA ?FA CFKB?%K!P IFDLPBA ?!A JFCD!IQJ
ILJ/A CBA C!CFI!CB? MQCBA C/AH?D!ILCFC ?!?%EBA CBA JDLED!I ?%EFIGA CBANMQ@/?PFK ILC!@/A ?FA CFK!@M!M IFDQJ/A ?!A J/?F?K!@
IFDGA CBA C!CFILJFK M?!A C/AH?DFMQKD ?!?QMA CBA JFE!PDQJ ?%E!PBA CBANMQ@F@!PFK ILC!K/A ?FAH?%CFD!EFI IFD!DGA ?!A J/?%@M?
I!EBA CBA C!C!PFC!E MLIGA C/AH?%E!P!KI ?!?%@BA CBA JMQCDL@ ?%ELJ/A CBANMQKDLPFK IG?C/A ?FAH?F?%ILJFE IFDLEBA ?!A JIFDQJD
IMA CBA C!C!PMLI MQPBA C/AH?%E!K!K/? ?!?%KBA CBA JM!MLEFI ?%EFDGA CBA @!CILPF@ IG?!?FA ?FAH?F?KFP!C IFDFMA ?!A JFPIG?@
I!@BA CBA C!CLJFJM MJ/A C/AH?QMLDLKFP ?%I!CBA CBA JF@LJEM ?%E!EBA CBA @!CFK!PM IG?%IBA ?FAH?ILE/?OJ IFDL@BA ?!A JFPF@!K!C
I!KBA CBA C!CFD!PFI MLDGA C/AH?%@B?KF@ ?%IB?!A CBA JFKB?QMQP ?%EMA CBA @B?%E!PD IG?P/A ?FAH?%PFI!K!@ IFDLKBA ?!A J!JDLE!P
PFCBA CBA C!C!EIL@ MQEBA C/AH?%@!@!CM ?%IFIGA CBA JFK!@MQK ?%E!@BA CBA @FI!P!PI IG?OJA ?FAH?%P!KF@FI I!E!CBA ?!A JDFILP!E
P/?!A CBA C!CMLPLJ M!MA C/AH?%KLJIFI ?%I!PBA CBARDLCFD!@FD ?%E!KBA CBA @!PFCFI!K IG?%DBA ?FAH?JFEFE!E I!EB?!A ?!A JD!K!C!K
PIGA CBA C!C!@DG? MQ@BA C/A I!C!CLJ? ?%ILJ/A CBARDG?%I!K!P ?QMQCBA CBA @!PMLI!E IG?E/A ?FAH?DLPDLC I!EFIGA ?!A JFEDL@B?
PFPBA CBA C!C!KMQK MQKBA C/A I!C!E!EM ?%IFDGA CBARD!ILCFC!C ?QM?!A CBA @LJFJIFI IG?MGA ?FAH?%E!CFPLJ I!E!PBA ?!A JM!I!DQJ
P!J/A CBA CB?!?F?K @!CBA C/A IB?P!CFC ?%I!EBA CBARD!IFMLC!@ ?QMLIGA CBA @FDB?!?QM IG?@/A ?FAH?%EMG?M I!ELJ/A ?!A JMLKFIFM
PDGA CBA CB?%IMQC @B?!A C/A IB?KLJC ?%IMA CBARDLPLJ?E ?QMQPBA CBA @FD!@B?I IG?K/A ?FAH?QMJCB? I!EFDGA ?!A JF@FE!C!C
PFEBA CBA CB?OJP!P @FIGA C/A IFI!DL@M ?%I!@BA CBARDQJ/?IQJ ?QMJ/A CBA @!EDLCFE I!ILC/A ?FAH?%@!CF@LJ I!E!EBA ?!A JFKIFMJ
PMA CBA CB?EFCM @!PBA C/A I!PFILPFK ?%I!KBA CBARDQJF@FPFI ?QMLDGA CBA @M!ILCFC I!IG?FA ?FAH?%@MLE!@ I!EMA ?!A JFKFKLJM
PF@BA CBA CB?MLKB? @LJ/A C/A I!P!@!KM ?PFCBA CBARD!D!DLJFC ?QMQEBA CBA @ML@!KFP I!I!IBA ?FAH?%KLJDG? I!E!@BA ?!ARDLCFEFIG?
PFKBA CBA CB?KF@!E @FDGA C/A ILJD!D!K ?P/?!A CBARDLEFILJFK ?QM!MA CBA @!@DL@D I!ILP/A ?FA I!CB?%PLJ I!E!KBA ?!ARDG?ILK!E
JCBA CBA CFIG?%K!C @!EBA C/A IFD!I!ILJ ?PIGA CBARDLE!KDL@ ?QMQ@BA CBA @!KIFMFM I!IQJA ?FA I!C!@/?M IMQCBA ?!ARDG?%KM?
J?!A CBA CFIQJCLJ @MA C/A IFDL@!K/? ?PFPBA CBARDFMQEFE!E ?QMQKBA CBA @!KFK!EFK I!I!DBA ?FA IB?%D!C!C IM?!A ?!ARD!I!ELJFE
JIGA CBA CFILEIL@ @!@BA C/A I!EFDLEFC ?P!J/A CBARDL@!PMLD ?%@!CBA CBA K!CFEFD!K I!ILE/A ?FA IFIG?%@!P IMLIGA ?!ARDLPFPFI!I
JPBA CBA CFIL@FELJ @!KBA C/A IMLILPFC ?PDGA CBARDLK!CF@LJ ?%@B?!A CBA KB?%PFD!C I!IFMGA ?FA IFIL@FE!E IMQPBA ?!ARDLPFK!K!@
JFJ/A CBA C!PB?F?%D K!CBA C/A IMQK!CFC ?PFEBA CBARDLKMLKFI ?%@FIGA CBA KFI!CLJC I!IL@/A ?FA I!PFDLJF@ IMJ/A ?!ARDQJEMQE
JDGA CBA C!P!PF@!C KB?!A C/A I!@FDLEFK ?PMA CBA E!CFD!CB? ?%@!PBA CBA KFIMLI!K I!ILK/A ?FA ILJI!PB? IMLDGA ?!ARD!D!PFDLP
JEBA CBA C!P!EFEFI KFIGA C/A I!KFILPM ?PF@BA CBA EB?%IB?C ?%@LJ/A CBA K!P!J/?%@ ILP!C/A ?FA ILJFK/?P IMQEBA ?!ARDLEFC!PFI
JGMA CBA C!P!KFEFI K!PBA C/A I!K!K!CD ?PFKBA CBA EB?K/?@ ?%@FDGA CBA KLJ?CM ILPB?FA ?FA IFD!D!KFD IM!MA ?!ARDLEM?C
J@BA CBA CLJI!@B? KLJ/A C/A PFCFDFMLP ?OJCBA CBA EFILEIFM ?%@!EBA CBA KLJGMQKD ILPFIBA ?FA I!EFIM!M IMQ@BA ?!ARDFMLP!K!C
JKBA CBA CLJFEILC KFDGA C/A P/?%IQJI ?OJ?!A CBA E!P!PFPFD ?%@MA CBA KFDLJF@I ILP!P/A ?FA I!E!KDLK IMQKBA ?!ARDL@FC!E!K
D!CBA CBA CLJFKF@!C K!EBA C/A P/?KB?F? ?OJIGA CBA ELJFC!JFP ?%@!@BA CBA K!E/?MLC ILPLJA ?FA IMQE!J/? I!@!CBA ?!ARDL@MJFK
DB?!A CBA CFDLPFEFI KMA C/A PI!DL@/? ?OJPBA CBA ELJM!DG? ?%@!KBA CBA K!EF@FDM ILPFDBA ?FA I!@!PI!I I!@B?!A ?!ARDLK!JFP!C
DFIGA CBA CFDFMLELJ K!@BA C/A PFPFI!DFI ?OJFJ/A CBA EFDQJDLK ?%K!CBA CBA KM!DQJFJ ILP!E/A ?FA I!K!CFC!P I!@FIGA ?!A E!C/?!?C
D!PBA CBA C!EB?%@LJ K!KBA C/A PFP!KFIFD ?OJDGA CBA E!EB?%EM ?%KB?!A CBA K!@ILPFC ILPMGA ?FA I!K!EF@LJ I!@!PBA ?!A E!CMQKB?
DLJ/A CBA C!E!EILC ?%C!C/A C/A P!JFE!CFC ?OJEBA CBA E!E!@MJ ?%KFIGA CBA K!@FKB?QM ILP!@/A ?FA PFC!PFELJ I!@LJ/A ?!A EB?JMLI
DFDGA CBA CMQCMQC ?%CB?FA C/A PD!IFMFM ?OJGMA CBA EMLD!@B? ?%K!PBA CBA K!KFE!CFP ILP!K/A ?FA P/?C!J!J I!@FDGA ?!A EFIB?%DLP
D!EBA CBA CMLD!PFI ?%CFIBA C/A PDLKFD!E ?OJ@BA CBA E!@FI!@!@ ?%KLJ/A ?!A C!CIL@F@ IQJFC/A ?FA P/?M!IQJ I!@!EBA ?!A EFI!@!PLJ
DMA CBA C!@!CFCM ?%C!P/A C/A PFE!E!PF@ ?OJKBA CBA E!@!KFKLJ ?%KFDGA ?!A C!CFKMQJ IQJ/?FA ?FA PIQJC!P I!@MA ?!A E!PDG?%D
D!@BA CBA C!@LJKFD ?%CLJA C/A PMQPFIB? ?%D!CBA CBA E!KMLC!C ?%K!EBA ?!A CB?%E!EFC IQJIBA ?FA PFP!CF@FI I!@!@BA ?!A ELJ?K!E
D!KBA CBA C!@!KFK!E ?%CFDBA C/A PF@!C!CM ?%DB?!A CBANMQCLJC!E ?%KMA ?!A CFI!PLJD IQJFP/A ?FA PFPMLEB? I!@!KBA ?!A ELJ@MQ@
EFCBA CBA C!KFDB?C ?%C!E/A C/A PF@!E!K!J ?%DFIGA CBANM?!?F?!? ?%K!@BA ?!A C!PFC!PFC IQJ!JA ?FA P!J!JP!K I!K!CBA ?!A EFDFD!DL@
E/?!A CBAS?C!CFP!@ ?%CMGA C/A PFK!P!@FP ?%D!PBA CBANM?@/?E ?%K!KBA ?!A C!PM?D IQJDBA ?FA PDG?F?M I!KB?!A ?!A E!EILP!K
EIGA CBAS?CFDMQK ?%C!@/A C/A JC!CMQJ ?%DLJ/A CBANMLI!DFILC I!C!CBA ?!A CLJFJFCFC IQJFE/A ?FA PDFMLKFD I!KFIGA ?!A E!EFKFILC
EFPBA CBAS?!?!?%P!C ?%C!K/A C/A JCMQEFE ?%DFDGA CBANMQPFIFIQJ I!CB?!A ?!A CFD!C!@D IQJMGA ?FA PFELJGMLI I!K!PBA ?!A EMLE!C!C
E!J/A CBAS?!?EFKFI ?F?C/A C/A J?OJFEFC ?%D!EBA CBANMQP!KIFM I!CFIGA ?!A CFDM!MLC IQJF@/A ?FA PM?JF@ I!KLJ/A ?!A E!@IL@!C
EDGA CBAS?%I!I!E!P ?F?!?FA C/A JIG?%D!E ?%DMA CBANMJFEFP!C I!C!PBA ?!A C!E!JDFD IQJFK/A ?FA PMQ@IQJ I!KFDGA ?!A E!@FKFDLK
EFEBA CBAS?%IL@!J/? ?F?%IBA C/A JIL@FDFI ?%D!@BA CBANMLDLPFP!P I!CLJ/A ?!A CMG?PFK I!DLC/A ?FA PF@FD!C!C I!K!EBA ?!A E!KFE!P!K
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DGA C/ARMFMLD C!E DQJA CBA C!EML@!C ?%C!PBA CBA PMG?KM ?%DFIGA C/ARM!IG?%KM I!CB?!A ?!A C!E/?KFC I!DLC/A ?FA PFK!CMQK
EBA C/AH?%K!P CFD D!DBA CBA CMLIB?M ?%CLJ/A CBA PMLK!CF@ ?%D!PBA C/ARM!ILKFCLJ I!CFIGA ?!A C!EF@MG? I!DG?FA ?FA PFKMQJ/?
MA C/A J?M CFD DLE/A CBA CMQEFE!@ ?%CFDGA CBA P!@FEFI!C ?%DLJ/A C/ARMLP!E/?C I!C!PBA ?!A CM!D!DFI I!D!IBA ?FA JCLJC!P
@BA C/A @/?P CFD DFMGA CBA C!@B?%PB? ?%C!EBA CBA P!KFP!PFP ?%DFDGA C/ARMQJFP/?%D I!CLJ/A ?!A C!@ILPI I!DLP/A ?FA J?CFEFD
KBA C/AH?JFE CLJ DL@/A CBA C!@!EFC!E ?%CMA CBA JFCFCLJE ?%D!EBA C/ARM!DLCILC I!CFDGA ?!A C!@FKB?I I!DQJA ?FA J?M!ILE
?C/A C/A ILJF@ CLJ DLK/A CBA C!K!CFKFI ?%C!@BA CBA JFCMQEFC ?%DMA C/ARM!DFM!I!D I!C!EBA ?!A C!KDLK/? I!D!DBA ?FA JILPF@M
?!?FA C/A JC!C CLJ E!C/A CBA C!KFD!K!C ?%C!KBA CBA J/?JM!D ?%D!@BA C/ARMLELJIL@ I!CMA ?!AS?CIFMLC I!DLE/A ?FA JP!C!JF@
?%IBA C/A E/?M CLJ EB?FA CBAS?C!CFK!K ?F?CBA CBA JIB?KFC ?%D!KBA C/ARMFM?%PFI I!C!@BA ?!AS?CFKLJ@ I!DFMGA ?FA JPMLC!@
?P/A C/A KIG? CLJ EFIBA CBAS?C!E/?@ ?F?!?!A CBA JI!K!CFE ?EFCBA C/ARMFMQ@FPLJ I!C!KBA ?!AS?!?%EFI!E I!DL@/A ?FA JFJFPFE!@
?OJA C/AH?%P!P C!P E!P/A CBAS?!?!?JM ?F?%IGA CBA JFPFEFIFI ?E/?!A C/ARML@FD!PM IB?CBA ?!AS?%I!P!CFP I!DLK/A ?FA JDLCIL@
?%DBA C/AH?%@!@ C!P ELJA CBAS?!?EF@!E ?F?PBA CBA J!JP!PFK ?EIGA C/ARMLKFI!P!@ IB?!?!A ?!AS?%I!K!@/? ILE!C/A ?FA JDLEF@M
?E/A C/A I!E!C C!P EFDBA CBAS?%I!I!PFD ?F?OJ/A CBA JD!CFD!E ?EFPBA C/ARMLK!K!JFC IB?%IGA ?!AS?PFEFDM ILEB?FA ?FA JE!P!JFE
?MGA C/A PD!I C!P E!E/A CBAS?%IFMLK!P ?F?%DGA CBA JDM!MLP ?E!J/A C/A @FC!E!JFC IB?PBA ?!AS?OJP!PFP ILEFIBA ?FA JGMQCFCFD
?@/A C/A JE!K C!P EMGA CBAS?P!PDLK ?F?EBA CBA JFE!JFKFC ?EDGA C/A @/?P!JFC IB?OJ/A ?!AS?%D!C!CFK ILE!P/A ?FA JGMQEFELJ
?K/A C/A E/?OJ C!P E!@/A CBAS?P!KFPLJ ?F?MA CBA JM!ILCF@ ?EFEBA C/A @ILC!JFC IB?%DGA ?!AS?%D!E!@!J ILELJA ?FA J@!PI!I
ILC/A C/ARMLK!P C!P E!K/A CBAS?OJDB?E ?F?@BA CBA JMLKFIFD ?EMA C/A @IFMLP!K IB?EBA ?!AS?EFPFD!K ILEFDBA ?FA J@!KF@!C
IG?FA C/AH?%CB? CFI MQC/A CBAS?%DG?%CM ?F?KBA CBA JF@FELJP ?EF@BA C/A @FPLJPM IB?MA ?!AS?MLC!P!J ILE!E/A ?FA JK!EFP!@
I!IBA C/AH?IL@ CFI M?FA CBAS?%DFMLCFD ?ILCBA CBA JFKFP!E/? ?EFKBA C/A @!J/?%PFD IB?@BA ?!AS?MFMQCF@ ILEMGA ?FA D!CFI!KFD
ILP/A C/AH?DLK CFI MLIBA CBAS?E!P/?C ?IG?!A CBARDLCFCMLK ?MLCBA C/A @!JF@FPFI IB?KBA ?!AS?@FP!@I ILE!@/A ?FA D!C!KDLP
IQJA C/AH?%K!E CFI MQP/A CBAS?E!KIG? ?I!IGA CBARDLCMQKFE ?MG?!A C/A @D!DFILK IFILCBA ?!AS?KFCFDFD ILE!K/A ?FA DB?E/?C
I!DBA C/A ILJFC CFI MJA CBAS?MLD!P!K ?ILPBA CBARDG?DG?J ?M!IGA C/A @FEFIFI!D IFIG?!A ?!AS?KMLI!@ IFMQC/A ?FA DFI!I!E!E
ILE/A C/A I!KB? CFI MLDBA CBAS?@B?%E!P ?IQJ/A CBARD!IFILPI ?MLPBA C/A @FE!KIG? IFI!IGA ?!ARILC!JFCFC IFM?FA ?FA DFILKILP
IFMGA C/A PDLC CFI MQE/A CBAS?@MLK!P ?I!DGA CBARD!I!KLJK ?MQJ/A C/A @MQE/?E IFILPBA ?!ARIG?%CM!I IFMLIBA ?FA D!PFDMQK
IL@/A C/A J?@ CFI M!MGA CBAS?KLJILK ?ILEBA CBARDLPFE!EM ?M!DGA C/A @F@!P/?!? IFIQJ/A ?!ARIG?QMJFJ IFMQP/A ?FA DLJI!PFD
ILK/A C/A JKFD CFI MQ@/A CBARILC!CFE!K ?IFMA CBARDQJP!@!J ?MLEBA C/A @FK!CFCFD IFI!DGA ?!ARI!ILJ/?D IFMJA ?FA DLJF@FK!C
P!C/A C/A D!@FI CFI MQK/A CBARILCMG?%D ?IL@BA CBARD!DB?C/? ?MFMA C/A @FK!EFK!@ IFILEBA ?!ARILPFC!@FE IFMLDBA ?FA DFD!DLJFE
PB?FA C/A EF@!C CFI @!C/A CBARIG?PFE!E ?ILKBA CBARD!D!@B?QM ?ML@BA C/A KFC!PFKB? IFIFMA ?!ARILPMLDM IFMQE/A ?FA D!EFI!CB?
PFIBA C/ARMLK!C CFI @B?FA CBARI!ILCIG? ?%P!CBA CBARDLEDLP!J ?MLKBA C/A K/?CF@LJ IFIL@BA ?!ARIQJFJIM IFM!MGA ?FA D!E!@DLE
P!P/A C/A K/?!? CFI @FIBA CBARI!ILEF@B? ?%PB?!A CBARDFM!I!D!C ?@FCBA C/A K/?MFMQE IFILKBA ?!ARI!D!C!KFE IFMQ@/A ?FA DMLDB?C
PLJA C/AH?%CFD CB? @!P/A CBARILP!P!J!J ?%PFIGA CBARDFMLK!EFE ?@/?!A C/A KIQJEM I!P!CBA ?!ARI!DMQEFE IFMQK/A ?FA D!@B?%EFD
PFDBA C/AH?F?K CB? @LJA CBARIQJFC/?%I ?%P!PBA CBARDL@FE!@/? ?@IGA C/A KFPB?DL@ I!PB?!A ?!ARILE!JFPD IL@!C/A ?FA D!@!@/?K
P!E/A C/AH?%PFD CB? @FDBA CBARIQJFEF@!P ?%PLJ/A CBARDLKFP!KM ?@FPBA C/A KFP!@!JFK I!PFIGA ?!ARIFMG?CFP IL@B?FA ?FA D!KLJGMLI
PMGA C/AH?DLP CB? @!E/A CBARI!DLPDFM ?%PFDGA CBA E!C/?!?F? ?@!J/A C/A K!JD!P!K I!P!PBA ?!ARIFMFM!M!I IL@FIBA ?FA EFCB?ILE
P!@/A C/AH?QMLI CB? @MGA CBARILE!CFPFD ?%P!EBA CBA E!CF@FI!E ?@DGA C/A KD!IFIL@ I!PLJ/A ?!ARIL@!J!JC IL@!P/A ?FA EFCMFMQK
P!K/A C/AH?%KFI CB? @!@/A CBARILEMG?E ?%PMA CBA EB?DQJC ?@FEBA C/A KDLK/?M I!PFDGA ?!ARILK/?CM IL@LJA ?FA E/?OJP!P
JFC/A C/A IB?OJ CB? @!K/A CBARIFMJC!C ?%P!@BA CBA EFIFI!DLJ ?@MA C/A KFE!EFCFD I!P!EBA ?!ARILKM!MQJ IL@FDBA ?FA EILCF@FD
J/?FA C/A I!PM CB? K!C/A CBARIL@!CF@M ?%P!KBA CBA EFI!K!EM ?@F@BA C/A KMLI!K!P I!PMA ?!A P!C!J!J? IL@!E/A ?FA EIFMLP!@
JIBA C/A I!EFI CB? KB?FA CBARIL@MFMQE ?JFCBA CBA E!PFE!@FC ?@FKBA C/A KMQKF@!C I!P!@BA ?!A PB?F?CF@ IL@MGA ?FA EFP!PFK!C
JFP/A C/A I!@!K CB? KFIBA CBARILKLJEM ?J/?!A CBA ELJP!KI ?KFCBA C/A KF@!EFEM I!P!KBA ?!A PB?QM!MQJ IL@!@/A ?FA E!JFC!JFP
J!JA C/A P/?M CB? K!P/A CBA P!CB?%EB? ?JIGA CBA EFDB?C!J ?K/?!A C/A KFK!PDQJ ILJFCBA ?!A PFILJ!JC IL@!K/A ?FA E!JFEFKFD
JDBA C/A P!JFE CB? KLJA CBA P!C!@DFM ?JFPBA CBA EFD!@B?%E ?KIGA ?FA CFC!CFP!K ILJ/?!A ?!A P!P/?CD ILK!C/A ?FA EDLP!JFE
JFE/A C/A PM!M CB? KFDBA CBA PB?%DFD!D ?J!J/A CBA E!ED!IM ?KFPBA ?FA CFCM!I!D ILJIGA ?!A P!PM!MLC ILKB?FA ?FA EDLKFK!@
JMGA C/A J?C CB? K!E/A CBA PFI!IFD!D ?JDGA CBA EM!ILPM ?K!J/A ?FA C/?OJ?C ILJFPBA ?!A PLJFJFPD ILKFIBA ?FA EFE!E!JFK
JF@/A C/A JFJ!J CB? KMGA CBA PFILKDFM ?JFEBA CBA EMLKLJGM ?KDGA ?FA CILCFKLJ ILJ!J/A ?!A PFD!C!KFK ILK!P/A ?FA EMQPFC!C
JFK/A C/A JGMQK CB? K!@/A CBA P!P!EFE!C ?JMA CBA E!@FEFDM ?KFEBA ?FA CIFMFMQ@ ILJDGA ?!A PFDMQE!J ILKLJA ?FA EMQKDG?
DLC/A C/A DB?E CB? K!K/A CBA PLJFPFEFD ?JF@BA CBA E!KFP!EFE ?KMA ?FA CFPLJEB? ILJFEBA ?!A P!E!JIM ILKFDBA ?FA EF@!EFCFI
DG?FA C/A DFD!D CB? ?CFCBA CBA PFDLCM? ?JFKBA CBANMQCFCM!D ?KF@BA ?FA C!J/?J!J ILJMA ?!A PMLC!K/? ILK!E/A ?FA EFKFIFD!I
D!IBA C/A D!KLJ CB? ?C/?!A CBA PFDFMFMQK ?DLCBA CBANMQCMQ@FP ?KFKBA ?FA C!JF@IFM ILJF@BA ?!A PMFMLDLJ ILKMGA ?FA EFK!KFCFI
DLP/A C/A EFPFD CB? ?CIGA CBA P!ELJ@!@ ?DG?!A CBANM?JFKFC ILCFCBA ?FA CD!D!C!K ILJFKBA ?!A P!@!J/?QM ILK!@/A ?FARMLCFDFD!I
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?%@BA CBA C!C!CFCM EFDGA C/AH?F?%ILKM ?!?IGA CBA JFC!KF@LJ ?DLKBA CBANMQPMLI!E ILC!E/A ?FA CFEB?%P!E IFDLPBA ?!A PML@MQ@
?%KBA CBA C!C!C/?!? E!EBA C/AH?F?@B?%K ?!?%PBA CBA J/?EMQP ?%E!CBA CBANMJFJIFI ILCMGA ?FA CFE!@/?@ IFDQJ/A ?!A P!@DQJM
I!CBA CBA C!C!C/?@ EMA C/AH?ILPFD!C ?!?J/A CBA JILPFE!P ?%EB?!A CBANMLDB?!?%@ ILC!@/A ?FA CMLD!C!C IFD!DGA ?!A P!KIG?E
IB?!A CBA C!C!CIFM E!@BA C/AH?IL@!@M ?!?DGA CBA JFP!CDQJ ?%EFIGA CBANMLD!@B?J ILC!K/A ?FA CF@B?%@FI IFDLEBA ?!A P!KF@!@LJ
IFIGA CBA C!C!C!JFC E!KBA C/AH?%PLJFPFP ?!?%EBA CBA JFPMQJD ?%E!PBA CBANMQEDLCFK IG?C/A ?FA CF@!@FE!P IFDFMA ?!A JFCD!D!I
I!PBA CBA C!C!CDFM MQCBA C/AH?%P!K!@D ?!?QMA CBA J!J!JPM ?%ELJ/A CBANM!M!ILC!J IG?!?FA ?FA CFKFDLJ!J IFDL@BA ?!A J/?I!ILC
ILJ/A CBA C!C!CF@!C M?!A C/AH?JDQJD ?!?%@BA CBA JDG?%P!C ?%EFDGA CBANM!ML@!KFK IG?%IBA ?FAH?%CFIFIQJ IFDLKBA ?!A J/?%@!@M
IFDGA CBA C!CB?%C!@ MLIGA C/AH?DG?!?F? ?!?%KBA CBA JDL@IQJ ?%E!EBA CBANMQ@DLK!J IG?P/A ?FAH?%C!KFCFD I!E!CBA ?!A JIFD!DQJ
I!EBA CBA C!CB?JFP MQPBA C/AH?DLE!@!J ?%I!CBA CBA JFEFDB?@ ?%EMA CBANMQKIL@F@ IG?OJA ?FAH?F?%D!@FD I!EB?!A ?!A JFPI!IG?
IMA CBA C!CB?%@M MJ/A C/AH?%EFILEI ?%IB?!A CBA JMLIB?P ?%E!@BA CBANMQKFK!@I IG?%DBA ?FAH?I!I!EFD I!EFIGA ?!A JFPF@!@!@
I!@BA CBA C!CFI!P!K MLDGA C/AH?%E!@LJGM ?%IFIGA CBA JMQKFC!@ ?%E!KBA CBA @!CFEMLE IG?E/A ?FAH?ILK!J!J I!E!PBA ?!A J!JD!D!D
I!KBA CBA C!C!PFC!C MQEBA C/AH?QMJFPM ?%I!PBA CBA JF@!EFC!P ?QMQCBA CBA @B?%P!EFK IG?MGA ?FAH?%P!EILP I!ELJ/A ?!A JDFI!IG?
PFCBA CBA C!C!PMLI M!MA C/AH?%@!C!PFP ?%ILJ/A CBA JFK!PFC!C ?QM?!A CBA @FI!C!EFP IG?@/A ?FAH?JFPFCFI I!EFDGA ?!A JD!@!@M
P/?!A CBA C!CLJD!D MQ@BA C/AH?%@!E!P!J ?%IFDGA CBA JFK!KFK!E ?QMLIGA CBA @FIMLD!E IG?K/A ?FAH?JFKF@!C I!E!EBA ?!A JFED!DLP
PIGA CBA C!CFDFDLC MQKBA C/AH?%KFIQJC ?%I!EBA CBARDLC!EFK!P ?QMQPBA CBA @!P!J!J@ I!ILC/A ?FAH?DLEDL@ I!EMA ?!A JM!IG?@
PFPBA CBA C!C!EDL@ @!CBA C/AH?%K!@FD!C ?%IMA CBARDG?PFK!C ?QMJ/A CBA @LJ?OJ? I!IG?FA ?FAH?%E!PFP!E I!E!@BA ?!A JML@!@LJ
P!J/A CBA C!CMFMQ@ @B?!A C/A I!CLJFEFE ?%I!@BA CBARD!ILCF@M ?QMLDGA CBA @LJ@!PFP I!I!IBA ?FAH?QMQC/?OJ I!E!KBA ?!A JF@DQJFK
PDGA CBA C!C!K/?%I @FIGA C/A IB?C!@D ?%I!KBA CBARD!IFML@FD ?QMQEBA CBA @FDFD!IFD I!ILP/A ?FAH?QMQEFKB? IMQCBA ?!A JFKIG?P
PFEBA CBA CB?CFE!C @!PBA C/A IB?MQCFK ?PFCBA CBARDLPLJ@FI ?QM!MA CBA @!EIG?%E I!IQJA ?FAH?%@!PFE!@ IM?!A ?!A JFKF@MQ@
PMA CBA CB?%IFIG? @LJ/A C/A IFILP!PM ?P/?!A CBARDQJ/?%@!C ?QMQ@BA CBA @!EFK!CF@ I!I!DBA ?FAH?%K!C!JD IMLIGA ?!ARDLCDQJI
PF@BA CBA CB?PFK!@ @FDGA C/A IFILK!EF@ ?PIGA CBARDQJF@MQK ?QMQKBA CBA @M!DLKF@ I!ILE/A ?FAH?%KM!IG? IMQPBA ?!ARDG?ILCM
PFKBA CBA CB?%D!@!K @!EBA C/A I!P!E!C!J ?PFPBA CBARD!D!DM!M ?%@!CBA CBA @!@IL@FK I!IFMGA ?FA I!C!PFK!@ IMJ/A ?!ARDG?%@M?
JCBA CBA CB?MLKLJ @MA C/A ILJIQJP ?P!J/A CBARDLEFIMLD ?%@B?!A CBA @!@FKMLK I!IL@/A ?FA IB?CMQP IMLDGA ?!ARD!IFDLPLJ
J?!A CBA CFILC/?%D @!@BA C/A ILJF@!@D ?PDGA CBARDLE!KMJ ?%@FIGA CBA @!KFE!EFK I!ILK/A ?FA IB?MQJFK IMQEBA ?!ARDLP/?K!@
JIGA CBA CFI!IFDLC @!KBA C/A IFD!DLPFC ?PFEBA CBARDFMQEMLI ?%@!PBA CBA K!CFPFD!K ILP!C/A ?FA IFIQJIQJ IM!MA ?!ARDLPF@!EB?
JPBA CBA CFI!D!C!C K!CBA C/A I!EB?ML@ ?PMA CBARDL@!PM? ?%@LJ/A CBA KB?%CLJK ILPB?FA ?FA I!P!CFK!K IMQ@BA ?!ARDQJD!IQJ
JFJ/A CBA CFIFMLELJ KB?!A C/A I!E!@!PFC ?PF@BA CBARDLK!CMQC ?%@FDGA CBA KB?QMQPF@ ILPFIBA ?FA I!PMFMJ IMQKBA ?!ARD!DB?@M
JDGA CBA C!P!C!J!J KFIGA C/A IMJF@!J ?PFKBA CBARDLKMLE!K ?%@!EBA CBA KFILJI!E ILP!P/A ?FA ILJ!JFJF@ I!@!CBA ?!ARD!D!@LJFK
JEBA CBA C!P!PFPM K!PBA C/A I!@B?OJ? ?OJCBA CBA E!CLJEM ?%@MA CBA K!P/?!?D ILPLJA ?FA IFDG?I!I I!@B?!A ?!ARDLEDG?%I
JGMA CBA C!P!E!JD KLJ/A C/A I!@!@!CFC ?OJ?!A CBA EB?!?%E!E ?%@!@BA CBA K!PF@!CFP ILPFDBA ?FA IFDFMLK!E I!@FIGA ?!ARDFMG?MJ
J@BA CBA C!P!KFEM KFDGA C/A I!KLJFEI ?OJIGA CBA EB?@FEFD ?%@!KBA CBA KLJFJFK/? ILP!E/A ?FA I!ELJGMQC I!@!PBA ?!ARDFML@!P!E
JKBA CBA CLJFPFC!P K!EBA C/A PFCB?%I!E ?OJPBA CBA EFI!D!ELJ ?%K!CBA CBA KFDB?MLK ILPMGA ?FA IM?JFP I!@LJ/A ?!ARDL@!JFK!@
D!CBA CBA CLJFED!I KMA C/A PFCMQKI ?OJFJ/A CBA E!PFI!EFI ?%KB?!A CBA KFD!@!EFE ILP!@/A ?FA IMQ@/?E I!@FDGA ?!ARDLK/?%DLK
DB?!A CBA CFDLC/?OJ K!@BA C/A P/?OJFEFC ?OJDGA CBA E!P!KFEB? ?%KFIGA CBA K!ED!D!P ILP!K/A ?FA I!@LJ@!K I!@!EBA ?!ARDLKF@FIG?
DFIGA CBA CFDLPF@!K K!KBA C/A PIG?PFC ?OJEBA CBA ELJFEDLK ?%K!PBA CBA KM!ILPFK IQJFC/A ?FA I!KB?%EB? I!@MA ?!A E!C!JF@FI
D!PBA CBA CFDFMFM!M ?%C!C/A C/A PIL@!CI ?OJGMA CBA EFDLPDL@ ?%KLJ/A CBA KMLKFIFD IQJ/?FA ?FA I!K!@FP!P I!@!@BA ?!A EB?F?OJFP
DLJ/A CBA C!EB?QMQ@ ?%CB?FA C/A PFPLJMLE ?OJ@BA CBA E!E!CDLE ?%KFDGA CBA K!@FEB?F? IQJIBA ?FA PFCFD!CFD I!@!KBA ?!A EB?%@!C!P
DFDGA CBA C!EFD!K!C ?%CFIBA C/A P!J/?%DFI ?OJKBA CBA E!EM!DQJ ?%K!EBA CBA K!KILKM IQJFP/A ?FA P/?!?QM!M I!K!CBA ?!A EFILJFELJ
D!EBA CBA CMQC/?OJ ?%C!P/A C/A P!JF@FI!K ?%D!CBA CBA EMJD!I ?%KMA CBA K!KFK!@I IQJ!JA ?FA P/?@!JF@ I!KB?!A ?!A E!P/?%IQJ
DMA CBA CMJFJFK ?%CLJA C/A PD!DLCF@ ?%DB?!A CBA E!@B?DLC ?%K!@BA ?!A C!CFE!EM IQJDBA ?FA PI!DB?K I!KFIGA ?!A E!PMQ@LJ
D!@BA CBA CMQ@FKFD ?%CFDBA C/A PFEB?@F@ ?%DFIGA CBA E!@!@!JM ?%K!KBA ?!A CB?%PFDFI IQJFE/A ?FA PFPB?%K!C I!K!PBA ?!A ELJFJ!J!J
D!KBA CBA C!@!PD!I ?%C!E/A C/A PFE!@MLC ?%D!PBA CBA E!KFDLJD I!C!CBA ?!A CFI!C!PFE IQJMGA ?FA PFP!@FEB? I!KLJ/A ?!A EFDB?CLJ
EFCBA CBA C!@!@/?K ?%CMGA C/A PMLD!DFI ?%DLJ/A CBANMQCFILJI I!CB?!A ?!A CFIMLIB? IQJF@/A ?FA P!JD!PB? I!KFDGA ?!A EFDMQE!P
E/?!A CBA C!KFI!K!E ?%C!@/A C/A PF@FILPFE ?%DFDGA CBANMQC!KFP!K I!CFIGA ?!A C!P!JFC!J IQJFK/A ?FA PD!I!CB? I!K!EBA ?!A E!E!JI!I
EIGA CBA C!KML@!P ?%C!K/A C/A PF@!KFIFI ?%D!EBA CBANM?EFP!E I!C!PBA ?!A CLJC!@F@ I!DLC/A ?FA PDL@M? I!KMA ?!A EMLC!@B?
EFPBA CBAS?CFIMQK ?F?C/A C/A PFK!E!CF@ ?%DMA CBANMLILPFP!P I!CLJ/A ?!A CLJGM!MG? I!DG?FA ?FA PFEFDLJFC I!K!@BA ?!A EMFMJFC
E!J/A CBAS?CML@LJ ?F?!?FA C/A JCFILKD ?%D!@BA CBANMQP!CFP!C I!CFDGA ?!A CFDLJDLJ I!D!IBA ?FA PMLI!C!K I!K!KBA ?!A E!@FP!K!K
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?@BARD E/A EILC!K ELJA D IGA KMLEM ?!?%CBARD ?FA @FKFIFM ?%DLE/A D ?!ARDG?C!J ILCIGARD ?!A P!P/?%I ILJF@/A D ?FA I!PFI!E
?KBARD E/A EFC!E!E EFDBA D IGA K!PDLC ?!?F?!ARD ?FA @F@!C!P ?%DFMGA D ?!ARDLCFD!C ILCFPBARD ?!A PFI!@LJ ILJFK/A D ?FA I!PB?%C
ILCBARD E/A EFP!@!@ E!E/A D IGA @!K!JFE ?!?IGARD ?FA @FE!@!C ?%DL@/A D ?!A JFK!KF@ ILC!J/ARD ?!A PFIFDFM IFDLC/A D ?FA IFILK!J
IG?!ARD E/A EFEFI!I EMGA D IGA @FDFD!D ?!?%PBARD ?FA @DLEB? ?%DLK/A D ?!A JFKLJE ILCDGARD ?!A PFI!P!C IFDG?FA D ?FA IFIFML@
I!IGARD E/A EDLE!E E!@/A D IGA @B?QMLD ?!?J/ARD ?FA @!J!J!J ?E!C/A D ?!A JF@!KD ILCFEBARD ?!A PFI!C!P IFD!IBA D ?FA IFILEI
ILPBARD E/A E/?M!M E!K/A D IGANMQ@FC!@ ?!?DGARD ?FA @FPFILK ?EB?FA D ?!A JF@LJD ILCMARD ?!A PB?QM!M IFDLP/A D ?FA IFIQJGM
IQJ/ARD E/A DLJFK!C MQC/A D IGANMJD!I ?!?%EBARD ?FA @IG?M ?EFIBA D ?!A JMQKFE ILCF@BARD ?!A PB?DG? IFDQJA D ?FA IFILP/?
I!DGARD E/A JDLEFI M?FA D IGANM?%C!E ?!?QMARD ?FA @/?CM ?E!P/A D ?!A JMJGM ILCFKBARD ?!A PB?I!D IFD!DBA D ?FA IFIG?%E
ILEBARD E/A P!JD!D MLIBA D IGA EMFM? ?!?%@BARD ?FARMLK!K!K ?ELJA D ?!A JFE!KFK IG?%CBARD ?!A PB?%C!C IFDLE/A D ?FA IFILC/?
IFMARD E/A IFI!ILP MQP/A D IGA ELJFJFE ?!?%KBARD ?FARML@!KLJ ?EFDBA D ?!A JFEFDFI IG?F?!ARD ?!A P!CMLD IFDFMGA D ?FA IB?@FE
IL@BARD E/A CFKB?!? MJA D IGA EB?%P!C ?%I!CBARD ?FARMFMQK!C ?E!E/A D ?!A JFE!CFE IG?IGARD ?!A P!CDLC IFDL@/A D ?FA IB?MG?
ILKBARD DBA KD!D!D MLDBA D IGARDL@IQJ ?%IB?!ARD ?FARMLE!@!K ?EMGA D ?!A JDLEFC IG?%PBARD ?!A P!CI!D IFDLK/A D ?FA IB?%DM
P!CBARD DBA @/?@FI MQE/A D IGARD!DFILE ?%IFIGARD ?FARM!DL@!K ?E!@/A D ?!A JDG?D IG?J/ARD ?!A P!CFCB? I!E!C/A D ?FA IB?OJI
PB?!ARD DBA EF@B?%I M!MGA D IGARD!I!PM ?%I!PBARD ?FARMQJFKFI ?E!K/A D ?!A J!JMG? IG?DGARD ?!ARILKM!M I!EB?FA D ?FA IB?%I!@
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